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REVIEW
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ABSTRACT
Introduction: Pancreatic cancer (PC) is the fourth leading cause of cancer-related death in the US with a
5-year survival rate of about 5%. Most patients have advanced metastatic disease mainly due to the lack
of an effective early detection, and an extremely poor prognosis. Advancing in the fight against PC
requires developing novel observable biomarkers at preclinical stages for early detection.
Areas covered: This manuscript is an overview of different PC diagnostic modalities and the latest
innovations made to enhance early PC detection through the patents published from 2011 to 2017. It also
comments on the ongoing clinical trials and highlights the main challenges to be addressed in the future.
Expert opinion: At present, real efforts are being made to identify new specific biomarkers with a
potential clinical applicability, and to develop new devices that integrate several biomarkers in order to
be more sensitive and specific for the early detection of PC. Although many biomarkers have been
patented recently, they will not reach the clinic until they have been validated by clinical trials. We
believe that the high-throughput screening of ‘-omic’ technologies to detect tumor-specific molecular
alterations can lead to an enhanced understanding of the disease mechanisms and the discovery of
new clinical diagnostic biomarkers.
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1. Introduction

Pancreatic cancer (PC) is the fourth leading cause of cancer-
related death in the USA with a 5-year survival rate of about
8%. PC death rates have continued to increase slightly (by
0.3% per year) in men while they have leveled off in women.
This is because the early stage of the disease is largely asymp-
tomatic and the later symptoms are usually nonspecific and
varied. Therefore, PC is often not detected until it is at an
advanced stage, for which the 5-year survival rate is 3%. As a
result, more than 85% of patients have tumors that cannot be
resected at the time of diagnosis, with a high incidence of
metastasis and a subsequent high mortality rate [1]. However,
when PC tumors are less than 10 mm at the time of diagnosis,
their resection permits achieving a 5-year survival rate of 75%.
Moreover, patients with PC who were accidentally diagnosed
for unrelated illnesses during imaging have a longer median
survival time than patients who are symptomatic [2]. Thus, the
likelihood of successful treatment and survival increase with
early detection of PC. In the study carried out by Yachida et al.,
they have suggested that from the onset of the tumor until
metastasis, around 21 years elapse [3]. This leaves a reason-
able amount of time to allow for an early diagnosis. Due to
that, screening of high-risk populations is a key issue. An
effective screening program targeted at high-risk populations
may help in the prevention and early detection of PC [4–6].
More than 5% of all pancreatic tumors are related to heredi-
tary factors which include familial PC (FPC), Peutz-Jeghers

syndrome, familial adenomatous polyposis (FAP), and familial
atypical multiple mole melanoma (FAMMM). Other causes of
PC risk are tobacco, diabetes mellitus, alcohol abuse, dietary
factors, exposure to toxic substances, and chronic pancreatitis
[7–9]. These factors have an impact on the development of PC
when compared to healthy populations. All of these people
are potential candidates for screening programs and are
essential to help increase the performance of a putative
screening test to make it cost-efficient.

Currently, a combination of different techniques, including
tumor markers, imaging tests and biopsies, are used in the
clinic to detect PC.

1.1. Serum tumor markers

Blood tests are usually used to help in the diagnosis or to
determine treatment options. In a blood test, serum bilirubin
and alkaline phosphatase levels can point to PC but they are
not diagnostics [10]. The most common serum-specific tumor
markers used are cancer antigen (CA) 19-9, CA15-3 and CA72-4
t [11], although CA 19-9 is the most widely used as it can help
to confirm the diagnosis and predict prognosis and recur-
rence. However, it has a limited specificity and sensitivity
and it cannot distinguish between pancreatitis and cancer or
other disease states with a chronic process of inflammation
[12]. In this context, a clinical trial is currently being developed
aimed at studying whether CA 19-9 can be helpful in
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monitoring recurrence and progressive disease in patients
with PC [13]. Although this clinical trial is still in the recruit-
ment phase, many of the patents focused on the search for
new PC-specific biomarkers, registered in the last 2 years use
CA 19-9 either as a target or as a reference marker [14–17].
Moreover, carcinoembryonic antigen (CEA), which is not used
as often as CA, is a glycoprotein where rising levels are asso-
ciated with adenocarcinoma, including colon cancer, breast
cancer, and stomach cancer. The level of CEA has a significant
correlation with tumor size, its differentiation and liver metas-
tasis [18].

1.2. Imaging tests

Imaging techniques play a great role in PC detection. They
include transabdominal ultrasound (US), computed tomogra-
phy (CT), magnetic resonance imaging (MRI), positron emis-
sion tomography (PET)-CT, endoscopic retrograde
cholangiopancreatography (ERCP), endoscopic US (EUS), fine
needle aspiration (FNA), somatostatin receptor scintigraphy
(SRS) and angiography [18,19].

US are appropriate for the initial image, and is the first
test performed due to its ease and innocuity, since it does
not expose the patient to radiation. In addition, CT scans are
often used to diagnose PC because they can show the
pancreas fairly clearly and can be used to guide a biopsy
needle into a suspected pancreatic tumor. Dual-phase helical
CT scanning is the best option, if available, because it is the
most sensitive test and it is not invasive in PCs and distant
metastases [10]. When a tumor is not identified with the
aforementioned imaging techniques, further MRI, or mag-
netic resonance cholangiopancreatography is indicated to
test if the pancreatic and bile ducts are blocked, narrowed,
or dilated [12]. EUS is more accurate than US and permits a
hollow needle to be passed down the endoscope to obtain
biopsy samples. It has a good ability to detect pancreatic

masses, but it is not sufficient for the differential diagnosis
of various types of lesions. In 2011, a patent was registered
to improve this technique by developing a computer-aided
method for distinguishing the EUS image of PC and extract-
ing and classifying its textural features [20]. Furthermore,
new techniques have been developed to improve the char-
acterization of the lesions detected by EUS, including (i)
EUS-guided FNA (EUS-FNA), developed to characterize
lesions detected by EUS, which is particularly useful for
diagnosing pancreatic tumors and assisting in making treat-
ment decisions. It has a diagnostic sensitivity of 54–96%, a
specificity of 96–98%, and an accuracy of 83–95% for PC
[21]; (ii) EUS elastography (EUS-E) to measure tissue elasti-
city, color patterns, and tension ratio [21]; and (iii) contrast-
enhanced endoscopic US (CE-EUS) which uses an ultrasono-
graphic contrast agent to visualize blood flow in fine vessels.
This technique is useful in the diagnosis of pancreatic solid
lesions and in confirming the presence of vascularity in
mural nodules for cystic lesions. Applications of CE-EUS in
PC also incorporate and improve new methods such as
perfusion imaging for monitoring ablative therapy or local
detection of portal vein, or the use of the US to induce the
liberation of drugs [22].

Another imaging technique in PC diagnosis is ERCP used only
when other techniques are not conclusive and the probability for
malignancy is high. Although its diagnostic ability seems to be
limited in cases of extrinsic biliary strictures such as PC, recent
studies have reported that brushing cytology and aspiration
cytology using an endoscopic nasopancreatic catheter placed
during ERCP improve the diagnostic accuracy in PCs [23].

ERCP is also appropriate when specialists consider relieving
biliary obstruction [10]. When doctors use ERCP, they can col-
lect the pancreatic juice and cells for pathological examination.
However, it is invasive and might cause some related complica-
tions for the patient, such as perforation or pancreatitis [18].

Last, a PET scan is sometimes used to look for spread from
exocrine PCs. PET-CT with uorine-18 uorodeoxyglucose is a
combination of PET and high-end multi-detector-row CT, widely
utilized in PC to evaluate the response to radiotherapy and to
detect the metabolic activity in the pancreas [18]. Until now,
routine screening for PC in high-risk population is not automa-
tically recommended by the specialists, because there are still
some unresolved problems in PC screening. Indeed, there is no
ideal single screening method or screening program for detec-
tion of early PC [2], and their effectiveness in reducing mortality
remains to be proven [4]. For this reason, efforts are aimed at
improving the determination of tumor markers to aid in the
diagnosis of presymptomatic PC, treatment assessment, and
monitoring for disease recurrence. Below is a summary of
patents and literature on different PC diagnostic modalities
and the latest innovations made to enhance early PC detection
through the patents published from 2011 to the present, by
PubMed, Patentscope (https://patentscope.wipo.int/search/es/
search.jsf), lens.org (https://www.lens.org/lens) and Espacenet
(https://worldwide.espacenet.com/?locale=en_EP), using ‘pan-
creatic cancer biomarkers,’ ‘early detection of pancreatic can-
cer,’ ‘liquid biopsy and pancreatic cancer,’ and ‘diagnostic
pancreatic diagnostic’ as key words.

Article highlights

(1) The high rate of PC mortality is due to the lack of symptoms at the
early stage of the disease and to the fact that the later symptoms
are usually nonspecific and varied. Thus, it is necessary to determine
new biomarkers that are present and observable at preclinical
stages in ordere to be useful for early PC detection.

(2) Screening of high-risk populations is crucial in the prevention and
early detection of PC.

(3) Neither CEA nor CA 19-9, the two tumor biomarkers most com-
monly used in the clinic for detecting PC, appear to be sensitive and
specific enough to accurately diagnose PC early. Their main clinical
application is as markers to monitor progression and response to
treatment.

(4) High-throughput screening – ‘omic’ technologies that detect tumor-
specific molecular alterations, including genomics, epigenetics, non-
coding RNA, microbiome and metabolomics signatures, are revolu-
tionizing this field.

(5) Liquid biopsy, including ctDNA, microRNAs and exosomes as a less
invasive approach, seem to be the future of early PC detection,
because of its remarkable advantages.

This box summarizes key points contained in the article.

2 H. BOULAIZ ET AL.
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2. What’s new in diagnostics?

Due to all the limitations of current diagnostic techniques and
the inability for early detection, enormous efforts are being
made to improve the techniques. This is manifested through a
large number of patent registrations in recent years reviewed,
especially in 2016.

2.1. Specific biomarkers for PC

Currently, there have been no tumor markers that allow reli-
able screening at an early and potentially curative stage of the
disease used in clinical settings. Hence, there is still a need to
identify PC markers that are present and observable at pre-
clinical stages that can be useful for early disease detection in
order to improve PC mortality. In this context, new biomarkers
of PC were identified in different body fluid samples (Figure 1)
and several patents have been registered (Table 1).

2.1.1. Proteomic markers
2.1.1.1. Diagnostic biomarkers in tissue, serum, and bile.
In the last few years, many proteomic markers specific to PC
have been discovered. In 2013, 170 proteins were selected and
patented as PC markers for specific detection and prognosis
[39]. In March 2016, a clinical trial was completed, the objec-
tive of which was to analyze serum proteins directly by mass
spectrometry to identify new biomarkers of PC for early diag-
nosis [40]. Recently, in December 2016, 23 types of proteins or
fragments thereof were patented as PC biomarkers [24]. These
biomarkers (AP3B1, C2, CKS1B, CKS2, CSPG2, CYCS, CD82, PI3,
RNASE1, RNASET2, VRK2, EV1, HMGB2, MST4, MMP9, MYBL2,
PPM1B, AK3L1, IGFBP2, STMN1, ANXA6, ATP6AP1, and a pro-
tein or a fragment thereof selected from the group consisting
of HYOU1) were identified by proteomic analysis using anti-
body libraries and plasma microarrays from body fluids (whole
blood, serum, plasma, or urine) in more than 0.8 area under
the curve at the time of performing the ROC analysis (AUC)

values, making a distinction between healthy subjects and
patients with invasive ductal carcinoma. This invention claims
as a PC indicator the presence in the sample of (i) a high level
of at least one of these biomarkers and/or (ii) a low level of
HYOU1, compared to healthy controls. These biomarkers may
be used to diagnose not only PC but also malignant tumors
occurring in the pancreas and precancerous lesions and are
capable of further improving the detection sensitivity of PC.
Moreover, Del-1 protein-positive exosome was patented as a
biomarker that notably increases in the blood of a cancer
patient compared to that of a healthy person, and decreases
in the blood of the patient after a surgery [25]. In particular,
Del-1 protein-positive exosome enables diagnosis of a variety
of cancers including PC. In addition, a dopamine receptor, in
particular DRD2, was patented as a new biomarker for PC
diagnosis [36]. Thus, through immunohistochemical and RT-
PCR techniques, the detection of DRD2 in pancreatic tissues
from patients (preferably from pancreatic ductal epithelium)
was indicative of the presence of pancreatic tumor cells. The
diagnostic method is preferably an in vitro or ex vivo method.
In addition, a method was patented [16] for diagnosing PC,
based on the detection of (i) at least one diagnostic amino
acid being proline, histidine, or tryptophan, preferably proline,
(ii) at least one diagnostic ceramide being ceramide (d18:1,
C24:0) or ceramide (d18:2,C24:0), and (iii) at least one diag-
nostic sphingomyelin, being sphingomyelin (35:1), sphingo-
myelin (d17:1,C16:0), sphingomyelin (41:2) or sphingomyelin
(d18:2,C17:0), preferably sphingomyelin (35:1). These biomar-
kers should always be compared to a reference marker such as
CA 19-9. Sensitivity and specificity were adjusted so that the
group of false negatives was minimal in order to efficiently
exclude a subject for being at increased risk, or so that the
group of false positives was minimal in order to efficiently
assess a subject as being at an increased risk. High sensitivity
(>85%) and high specificity (74.7–87.3%) were found to distin-
guish PC from chronic pancreatitis or non-pancreatic disease.
Moreover, inventors included samples from 878 patients with

Figure 1. Novel biomarkers of PC in different body fluid samples.
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other diseases/comorbidities such as prostate cancer, lung
cancer, diabetes, or hypertension, among others. The classifi-
cation score showed a remarkably high disease specificity of
the biomarker panels of the invention, also with regard to the
panels in comparison to the CA19-9 as a single marker. Other
proteins such as platelet glycoprotein V [28] were patented to
determine a subject’s probability of suffering from PC, and
ERBB2, ESR1, and TNC [27] biomarkers, with high specificity
to binding to early stage PCs.

Moreover, in 2016 various studies were reported on the
highly specific and sensitive biomarkers found in bile. A lipo-
calin family member, glycoprotein neutrophil gelatinase-asso-
ciated lipocalin (NGAL), also known as lipocalin-2, has
emerged, playing an important role in the development, pro-
gress, and invasion of cancer. The concentration of this protein
in bile (sensitivity: 71.43% and specificity: 80%) and urine
(sensitivity: 80.95% and specificity: 80%) has been found to
be remarkably accurate in differentiating chronic pancreatitis
from PC [41]. Furthermore, a soluble LDL receptor relative with
11 ligand-binding repeats (sLR11), a molecule released from
immature cells, was evaluated in 147 samples of bile from
patients with biliary tract cancer, PC, or benign diseases.
Results showed that bile sLR11 levels in cancer patients were
significantly higher than in those without cancer, while bile CA
19-9 and CEA levels were not different [42].

2.1.1.2. Antibodies and vaccines. Recently, much emphasis
has been placed on exploring the signature of another

important component of serum proteins: antibodies raised
against autoantigens of the tumor, such as autoantibodies.
Although the detailed molecular mechanism that causes and
generates autoantibodies against specific tumor antigens is
still unclear, it has been suggested that antibodies are
formed against mutated, misfolded, overexpressed, aber-
rantly degraded proteins or differently glycosylated glyco-
proteins. Several studies have described weak antibody-
mediated immune responses against tumor antigens in PC.
Thus, antibodies against Rad1, calreticulin isoforms and
acidic isoforms of enolase (i.e. ENOA1/2) were observed in
7, 28, and 62% of PC patients, respectively. Moreover, anti-
MUC1 IgG antibodies correlated strongly with survival time
(p = 0.0004) [43]. Patents related to the anti-MUC1 IgG have
been registered [37,44]. These patents describe an organic
solvent extraction of serum method before immunoassay to
detect anti-PC antibodies or fragments thereof (murine, chi-
meric, humanized, or human PAM4 antibodies). The antibo-
dies showed novel and useful diagnostic characteristics, such
as binding to a high percentage of early stage PCs, but not to
normal or benign pancreatic tissues. Antibodies bind prefer-
entially to PC mucins such as MUC or MUC5ac, and are
applied at the early detection stage. The authors suggested
performing an immunoassay with anti-CA19.9 and PAM4
antibodies to increase PC sensitivity. In fact, the results
showed a PC detection sensitivity of 77.4%, with a detection
specificity of 94.3%, comparing pancreatic carcinoma (n = 53)
with all other specimens (n = 233), including pancreatitis and

Table 1. Recent patents related to PC biomarkers.

Biomarker Sample Patent Number Year Ref

CRP, ICAM-1, OPG, and CA 19-9 Human serum/plasma WO2017008388 (A1) 2017 [14]
CRP, ICAM-1, OPG, and CA 19-9 Human serum/plasma WO2017008389 (A1) 2017 [15]
Praline/histidine/tryptophan and ceramide (d18:1, C24:0/d18:2, C24:0), and
sphingomyelin (35:1/d17:1, C16:0/41:2/d18:2, C17:0), and CA19-9.

Blood, plasma, serum, or urine WO2016207391 (A1) 2016 [16]

4BPA, PIGR Serum US20150104816 (Al) 2015 [17]
AP3B1, C2, CKS1B, CKS2, CSPG2, CYCS, CD82, PI3, RNASE1, RNASET2, VRK2,
EV1, HMGB2, MST4, MMP9, MYBL2, PPM1B, AK3L1, IGFBP2, STMN1, ANXA6,
ATP6AP1, HYOU1

Blood, serum, plasma, or urine WO2016195051 (A1) 2016 [24]

Del-1 protein-positive exosome Blood WO2016148313 (A1) 2016 [25]
LYVE1, REG1, and TFF1. Urine, whole blood, serum, or pancreatic

tissue
WO2016124947 (A1)) 2016 [26]

ERBB2, ESR1, and TNC Biopsy, biological fluid WO2016049045 (A1) 2016 [27]
Platelet Glycoprotein V (GP5) Blood, plasma, or serum sample. WO2016030426 (A1) 2016 [28]
S100A1 1, M-CSF, C3adesArg, CD26, IL-8, CEA, VEGF, and CRP Pancreatic tissue WO2016001249 (A1) 2016 [29]
Metabolomic signature Plasma, blood, or serum WO2016097860 (A1) 2016 [30]
miR-21, miR-23a, miR-23b, and miR-29c Salivary samples WO2016113233 (A1) 2016 [31]
ANO1, C19orf33, EIF4E2, FAM108C1, IL1B, ITGA2, KLF5, LAMB3, MLPH, MMP11,
MSLN, SFN, SOX4, TMPRSS4, TRIM29 and TSPAN1.

hsa-miR-27a-5p, hsa-miR-183-5p, and hsa-miR-425-5p.
hsa-let-7g-3p, hsa-miR-7-2-3p, hsa-miR-23a-5p, hsa-miR-27a-5p, hsa-miR-92a-
1-5p, hsa-miR-92a-2-5p, hsa-miR-122-5p, hsa-miR-154-3p, hsa-miR-183-5p,
hsa-miR-204-5p, hsa-miR-208b-3p, hsa-miR-425-5p, hsa-miR-510-5p, hsa-
miR-520 a-5p, hsa-miR-552-3p, hsa-miR-553, hsa-miR-557, hsa-miR-608,
hsa-miR-611, hsa-miR-612, hsa-miR-671-5p, hsa-miR-1200, hsa-miR-1275,
hsa-miR-1276, and hsa-miR-1287-5p

Pancreatic tissue
Blood
Pancreatic tissue

US2016055297 (A1) 2016 [32]

IL-11 (interleukin) Plasma or serum CN104698170 (A) 2015 [33]
KR20150030046 (A) 2015 [34]

PALB2, BRCA2, pl6, PMS2, MLH1, MSH2, STK11, MSH6, or EPCAM gene Blood, serum, plasma, urine, fecal, buffy
coat, buccal swabs, saliva or a pancreatic
tissue

WO2015157557 2015 [35]

Dopamine Receptors (DRD2) Pancreatic tissues (preferably from
pancreatic ductal epithelium)

WO2015158890 (A2) 2015 [36]

Antibodies and fragments thereof (chimeric, murine, humanized or human
PAM4 antibodies)

Serum CA2899811 (A1) 2014 [37]
US20140112864 (A1) [38]

4 H. BOULAIZ ET AL.
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breast, ovarian and colorectal cancer and lymphoma. The
ROC curve provided an AUC of 0.88, a highly significant
difference for distinguishing PC from non-pancreatic carci-
noma samples. The immunohistology procedure employing
the PAM4 antibody identified approximately 90% of invasive
PC and its precursor lesions [37].

Furthermore, a human monophosphorylated alpha-enolase
isoform was patented [45], containing a single phosphoryla-
tion on the serine residue at position 419 of the human alpha-
enolase amino acid sequence, as well as antibodies capable of
specifically binding the peptide and/or the isoform of the
invention. The peptide, isoform and antibodies of the inven-
tion are useful in the diagnosis and/or treatment of pancreatic
adenocarcinoma. Moreover, another invention claims that
detection of anti-ezrin autoantibodies in an ‘in vitro’ assay
can be used as a biomarker for early detection of pancreatic
ductal adenocarcinoma in patients or persons predisposed to
pancreatic ductal adenocarcinoma [46].

Furthermore, PSMC5, TFRC, and PPP1R12A are also shown
to be targets of a clinically relevant antibody response
induced with a vaccination. They are strongly overexpressed
in PC whereas they are either weakly or not expressed at all in
pancreatic normal duct cells. Thus, they were patented as
biomarkers that increase during pancreatic tumor develop-
ment and have demonstrated a favorable disease-free survival
rate [47].

2.1.2. Genetic markers
Numerous patents have focused on the identification of genes
and gene combinations that are correlated with patients that
have or are predisposed to developing PC. In this context,
there is a patent on a method for diagnosing pancreatic ductal
adenocarcinoma (PDAC) based on the determination, in a
biological sample, of the expression level of at least two
genes from this panel: epithelial cell transforming sequence
2 oncogene (ECT2); AHNAK nucleoprotein 2 (AHNAK2); serpin
peptidase inhibitor, Glade B (ovalbumin) member 5
(SERPINB5); transmembrane protease, serine 4 (TMPRSS4);
periostin, osteoblast specific factor (POSTN); S100 calcium
binding protein P (S100P); carcinoembryonic antigen-related
cell adhesion molecule 5 (CEACAM5); gamma-am inobutyric
acid (GABA) A receptor, pi (GABRP); chymotrypsin-like elastase
family, member 2B (CELA2B); and CUB and zona pellucid-like
domains 1 (CUZD1) [48]. The 5-gene PDAC classifier predicted
PDAC with high accuracy in 9 independent validation sets
with a sensitivity value of 96% and specificity of 85.7%, and
an AUC of 0.9 in validation sets that contained PDAC and
normal pancreas samples, which is significantly better than
CA19-9, and exhibited a specificity of 85.7 and 86.67%, respec-
tively. Moreover, the classifier distinguished between PDAC
and benign pancreatic disorders, with a specificity of 88.9%
and sensitivity 100%, an overall accuracy of 93.3% and AUC of
0.94 [48]. Another patent through a panel of genes provides
methods for classifying a subject diagnosed with PDAC as
having an activated stroma subtype or a normal stroma sub-
type of PDAC and/or a basal subtype or a classical subtype of
PDAC [49]. Moreover, mutated PALB2 gene [35], and BRCA2,
pl6, PMS2, MLH1, MSH2, STK11, MSH6, or EPCAM genes [50]
were patented as a method for screening in blood, serum,

plasma, urine, feces, buffy coat, buccal swabs, saliva, or a
pancreatic tissue sample of patients with PC.

2.1.3. Metabolite markers
In the cancer research field, metabolomics studies can lead to
an enhanced understanding of disease mechanisms and to the
discovery of new diagnostic biomarkers. Currently, it is known
that numerous metabolites define a metabolomic signature
for distinguishing malignant from benign tissues. There are
several studies relating to some metabolites including palmitic
acid, 1,5-Anhydo-D-glucitol, combined xylitol, 1,5-anhydro-D-
glucitol, histidine, and inositol as potential biomarkers for PC
[51]. However, there are hardly any related patents registered.
The patent WO2016097860A1 [30] describes a method of
diagnosing and classifying PC by examining the expression
of particular metabolites that distinguish this disease state
from benign disease and periampullary adenocarcinoma. The
predominant differences are within carbohydrate and amino
acid metabolic pathways. The research method is based on
the determination, by Chromatography-Mass Spectrometry
and Nuclear Magnetic Resonance in PC plasma, blood, or
serum samples, of high levels of at least four biomarkers of
the following: isopropanol, galactose, mannose, arabitol, tri-
methylamine-noxide, threitol, succinate, tridecanol, trehalose-
alpha, azelaic acid, isoleucine, tyrosine, pyroglutamate, argi-
nine, creatine, lysine, and alanine. The efficiency level of this
method is similar to the serum tumor marker CA 19-9, imply-
ing that the metabolic characterization of pancreatic tumor
has clinical benefits. Also, metabolites such as Tridecanol,
Match, Pyroglutamate, azelaic acid, isoleucine, arginine, tyro-
sine, alanine, lysine, and creatine are elevated in benign pan-
creatic lesions.

Moreover, other metabolite markers containing C4b-bind-
ing protein alpha chain (C4BPA) or polymeric immunoglobulin
receptor (PIGR), which distinguished between chronic pan-
creatitis or normal subject and PC in pool serum samples
collected before and after the operation, were patented. The
AUC was 0.843 for CA19-9, 0.859 for C4BPA and 0.728 for PIGR.
Also, when CA19-9, C4BPA, and PIGR were combined, the AUC
was 0.939 [17]. These results indicate that although they are
not specific for the diagnosis of PC, they can be used in
combination with another PC marker such as CA 19-9, for
monitoring postoperative prognosis.

2.1.4. MicroRNAs markers
Several microRNAs have also been patented as biomarkers for
PC. In this context, a high level of hsa-miR-135b associated
with an alteration of the level of at least one additional miR
gene product (selected from hsa-miR-024, hsa-miR-096-P, hsa-
miR-148a, hsa-miR-155, hsa-miR-196a, hsa-miR-210, hsa-miR-
217, hsa-miR-223, and hsa-miR-375) in the biological sample
compared to a control, is indicative that the subject either has
or is at risk for developing PC [52]. According to the patent CN
103861121 (A) [53], the miR491-5p presents a differential
expression between the normal pancreas and the PC tissue,
so it can be used as the PC diagnosis marker. In addition,
microRNA expression pattern has proved to be a valuable
prognostic tool for predicting the survival of patients
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diagnosed with PC as described in the patent [54]. Moreover,
many efforts were made to identify PC-specific miRNAs in
saliva. Thus, 94 miRNAs determined in saliva and blood sam-
ples from PC patents were selected from the literature search.
From the group of miR-21, miR-23a, miR-23b, and miR-29c, at
least one miRNA expression level was determined. The differ-
ence between baseline values and salivary samples, in miRNA
expression level, is a diagnostic tool for predicting a patient’s
PC risk and can also be used to monitor treatment. The patent
[31] also includes a description of kits (primers, probes, micro-
arrays or macroarrays) that involve a measurement system for
the miRNA expression level. Currently, a clinical trial is under-
way to recruit patients at different stages of PC disease in
order to test their blood, bile and tissue samples to search
for lipidomics, proteomics, microRNAs, and volatile organic
compound biomarkers [55].

2.2. Sensors and other devices for PC detection

Applications in nanomedicine such as diagnostics and tar-
geted therapeutics rely on the detection and targeting of
membrane biomarkers. In this context, the patent
US2012100560A1 [56] utilizes quantitative profiling, spatial
mapping, and multiplexing of cancer biomarkers such as
EpCAM, MUC1, MUC3, MUC4, MUC16, and CEA, by functiona-
lized quantum dots. This approach provides highly selective
targeting molecular markers for PC with extremely low levels
of nonspecific binding, and provides quantitative spatial infor-
mation of biomarker distribution in a single cell, which is
important since tumor cell populations are inherently hetero-
geneous. Another invention was patented in relation to the
application of a PC immunosensor, based on gold electrode-
position and Au@Ag/CuO-GS, as a marker for detecting PC. By
using the excellent biocompatibility and high catalytic perfor-
mance of the Au@Ag/CuO-GS, the prepared sensor has rela-
tively high sensitivity and a relatively broad detection range,
and the detection limit can reach 1.5 fg/mL [57]. Moreover, a
platinum hybrid copper oxide multiwalled carbon nanotube
immunosensor was patented to detect common PC tumor
markers [58]. This sensor has important scientific significance
and application value in PC detection due to it high specificity,
high sensitivity, and low detection limit. In the technical field
of novel functional materials and biological sensing detection,
a patent was recently registered on a CA19-9 – Pt-carbon
nitride/graphene tumor marker sensor [59]. A Pt nanoparticle
has a good catalytic yield to hydrogen peroxide. Therefore, the
large surface area of carbon nitride/graphene is used to fixedly
charge the Pt nanoparticle to act as a marker for detecting an
antibody, enabling the super flexible detection of the tumor
marker CA19-9. Hence, this sensor is of great importance for
the early diagnosis and prognosis of the tumor marker.
Furthermore, a diagnostic kit based on the detection of the
expression of DRD2 in pancreatic tissue was patented as a
diagnostic method for detecting chronic pancreatitis or pan-
creatic tumor [36]. Other diagnostic kits use a combination of
ABAT (4-aminobutyrate aminotransferase) and CA19-9 pro-
teins, or CHI3L1 (Chitinase-3-like protein 1 precursor) and
CA19-9 proteins as biomarkers. These protein chip kits are
useful for predicting or diagnosing in a blood sample the

onset, the possibility of onset, and the severity of PC in an
early stage, and were applied in a study on the tumorigenesis
of PC [60]. Recently, a detection chip for the PC protein
biomarkers CRP, ICAM-1, OPG, and CA 19-9 in the human
serum/plasma was patented [14,15]. This chip is based on an
antigen-antibody specificity combination and provides
increased accuracy and specificity.

In addition, there are also devices that detect genes and
microRNAs as described in the patent [32]. This invention is
based on the detection of genes specifically expressed in PC
patients (ANO1, C19orf33, EIF4E2, FAM108C1, IL1B, ITGA2, KLF5,
LAMB3, MLPH, MMP11, MSLN, SFN, SOX4, TMPRSS4, TRIM29,
and TSPAN1) or a panel of microRNAs obtained from blood or
tissues paired with the genes. Results in 84 PC patients and 84
healthy persons showed a sensitivity to detect PC of 83% and a
specificity of 81% [32]. Recently, in June 2016, a clinical trial was
initiated aimed at developing integrated analytical methods of
genomic data and clinical data and analyzing the biological
control network. This will allow acquiring knowledge based
on the integrated analysis system with the subsequent deter-
mination of biomarkers for early diagnosis and treatment of PC
and ultimately a customized disease management system. The
trial will also confirm the effectiveness of a diagnostic chip for
research purposes by applying the pancreatic/bile duct cancer-
specific biomarker miRNA, found through the integrated analy-
sis of genomic data and clinical data of patients with pancrea-
tic/bile duct cancer, to the blood of patients with pancreatic/
bile duct cancer [61].

3. Conclusion

In summary, 37 patents for new biomarkers in PC diagnosis
have been revised as shown in Table 2. The scientific commu-
nity is making real efforts to identify new specific biomarkers
with a potential clinical applicability for PC and its early detec-
tion. Many patents have focused on the expression profiles of
various molecular markers in different stages of PC, which

Table 2. Patents revised for new diagnostic of pancreatic cancer.

Year # Patents Reference

Proteomic Markers
2016 10 [16,24–29,40,44,47]
2015 1 [33]
2014 2 [37,38]
2013 2 [39,46]
2011 2 [34,45]
Genetic Markers
2016 2 [48,49]
2015 1 [35]
2012 1 [50]
Metabolomic Markers
2016 1 [30]
2015 1 [17]
microRNAs Markers
2016 1 [31]
2014 3 [52–54]
Sensors and other devices for PC detection
2017 2 [14,15]
2016 2 [32,60]
2015 3 [36,57,59]
2014 1 [58]
2012 1 [56]
2011 1 [20]
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could reveal the role of these molecules in the progression of
PC and their potential value to detect previous disease.
However, the diagnostic value of the results obtained is uncer-
tain because not enough clinical trials have been carried out
and when they have been performed, the number of subjects
with early PC lesions included have not been enough to
ensure the robustness and reliability of the studies to allow
routine clinical application Multicenter trials must be imple-
mented and there must be meta-analysis in large cohorts to
corroborate the data obtained in patents and to establish a
panel of biomarkers that will be useful in the early detection
of PC. Moreover, these novel biomarkers are far from being
widely distributable and affordable for healthcare systems
because they must be cost effective and inexpensive.
Accuracy in diagnosis must be improved to avoid false posi-
tive or negative results. Also, another disadvantage is that
some of the techniques used for detecting novel PC biomar-
kers are not yet part of laboratories’ clinical diagnosis.
Therefore, new devices with higher sensitivity and specificity
need to be developed, and more efforts must be made to
simplify the technology used for its detection. Otherwise, it
will be very complicated to apply them to clinical routines in
the near future.

4. Expert opinion

Most patients with PC have advanced metastatic disease
mainly due to the lack of an effective modality for early
detection, resulting in an extremely poor prognosis.
Currently, the detection and diagnosis of PC depends largely
on expensive imaging modalities that are unable, even if
combined, to detect PC and very small metastases early.
Thus, there is an urgent need to find less invasive and more
effective alternative methods to identify the disease early and
predict progression in order to improve tumor monitoring.
CEA and CA 19-9 are the most widely used blood-based
tumor biomarkers for PC. For awhile, they appeared to be a
good alternative, however, none of these tumor markers is
sensitive and specific enough to accurately diagnose PC early,
since their levels are not elevated in all PC patients. Therefore,
their main clinical application is as markers for monitoring
progression and response to therapy [2]. Hence, new effective
biomarkers are required to improve early diagnosis, disease
surveillance, and therapeutic choice for PC.

After reviewing patents registered in recent years, it is
evident that there is increased attention to the detection of
tumor-specific molecular alterations, including genomics, epi-
genomics, noncoding RNA, and metabolomics signatures, by
high-throughput screening – ‘-omic’ technologies. Figure 1
shows novel patented biomarkers of PC in different body
fluid samples that might be relevant in the future. In this
context, numerous novel driver mutations, such as gene
expression changes, epigenetic alterations, chromosomal rear-
rangements, and copy number aberrations of PC, have been
detected [51]. Thus, many new genes mutated in PCs, such as
ATM, ARID1A, ROBO2, MLL3, TGFBR2, NOP14, and TUFT1 [62],
have been identified as passenger mutations, since they are

less common, but they could play an important role together
with the most prevalent mutated genes such as KRAS.

Furthermore, epigenetic markers, including alterations in
promoters, microRNA expression, and chromatin structure,
might be used to improve early diagnosis of PC. Many studies
in this field have provided a large number of new valuable and
promising markers for the early detection of PC. Some patents
in the manuscript provide early detection [27,28,44]. Obstacles
which hinder the movement of biomarkers into clinical trial
are shown in detail in reviews [63–65]. Usual biases and mis-
takes should be avoided if methodologies and guidelines are
strictly followed, such as the retrospective blinded evaluation
(PRoBE) design, prospective specimen collection [66], and the
Standards for Reporting of Diagnostic Accuracy (STARD) state-
ment [67]. To date, some biomarkers have been superior to CA
19-9 in sensitivity and specificity. Especially, oncogenic miRNA
profiling, the subject of several patents [16,31,32] seems to be
the most promising biomarker due to its stability in tissues
and blood plasma. Moreover, it is readily detected by RT-PCR
using suitable normalizers for each normal or PC sample, to
ensure the robustness and reliability of the results in persona-
lized medicine for PC [68].

Along with multiple genetic, epigenetic, and growth signal-
ing alterations, cancer cells reprogram several metabolic path-
ways. Therefore, in the cancer research field, metabolomics
and microbiome studies may lead to an enhanced under-
standing of disease mechanisms and to the discovery of new
diagnostic biomarkers. In this context, several metabolites
showed a better discriminating ability than CA 19-9 for distin-
guishing patients with PC from healthy controls [69,70]. A joint
evaluation of these pre-therapeutic tumor markers to CA 19-9
would be interesting in order to significantly reduce the prob-
ability of detecting false positives and to improve the prog-
nostic prediction in patients with PC. In addition, it is
postulated that microbiota influences the susceptibility to PC
through several pathways, which include nutrition, metabo-
lism, hormonal homeostasis and inflammation. Some studies
claim that the presence of some oral and gut bacteria increase
the risk of developing PC. However, further studies are needed
to elucidate their applicability as biomarkers of early PC
diagnosis.

Currently, liquid biopsy, as a less invasive approach, is
attracting much attention because of its remarkable advan-
tages. The broad conception of the liquid biopsy comprises
all tumor elements circulating in the blood, including circu-
lating tumor cells (CTCs), circulating tumor DNA (ctDNA),
circulating microRNAs, exosomes, etc. [71]. In this context,
PC can be considered as an accumulative process of various
genetic aberrations, and the mutated genes in the blood-
stream will provide a clue to the carcinogenesis of PC.
Therefore, the less invasive and actionable ctDNA has great
potential for pancreatic tumor screening amongst a high-risk
population. Moreover, ctDNA may be a promising stable
biomarker due to the existence of a positive correlation
between ctDNA levels and tumor burden, and their levels
are less influenced by intratumor heterogeneity than a single
specimen of tumor tissue. Several studies have achieved a
remarkable detection rate of ctDNA in patients with localized
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PC, and demonstrate that the proportion of patients with
detectable ctDNA increased according to the clinical stage.
This point out that, despite the poor detection in early stage
cases, the presence of mutations has high positive predictive
value. However, other studies have been unable to detect any
mutations in all patients. This shows low sensitivity due to the
fact that amounts of nonmutated DNA might mask some
vestiges of the mutant type of KRAS [51]. This is the same
problem as that of CTCs. Although CTCs could be detected in
the peripheral blood at the early stage of tumor formation,
even before tumor formation, their use for early detection
and diagnosis of PC remains unclear due to their low sensi-
tivity. Furthermore, exosomes are small vesicular structures
that carry various pathogenic miRNAs, mRNAs, DNA frag-
ments, and proteins which play an important role in PC
progression and can be used for the early detection of PC
(Figure 1). However, they are present in the blood in a very
small amount, which makes their isolation difficult and make
the purification process a challenge. Although patents related
to the use of liquid biopsy for the early diagnosis of PC are
scarce, we have no doubt that many more will be registered
in the coming years. Currently, there are two ongoing clinical
trials that began at the end of last year. The first is focused on
determining the correlation between the presence of CTCs
and numbers of GPC1-exosome concentration, and clinical
and biological parameters and patient clinical outcome [72].
The second is focused on the concordance between specific
DNA mutations found in patient biopsies and plasma circulat-
ing tumor DNA [73]. The results of these two clinical trials will
undoubtedly allow taking advantage of liquid biopsy as sup-
port for clinical decisions.

There is still a long, but very promising, road ahead before
these new biomarkers are transferred to the clinical routine of
patients with PC. We believe that the significant efforts made
by researchers to fine-tune and simplify ‘omic’ techniques will
enhance the effectiveness and reliability in the prediction and
early diagnosis of this disease.
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